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Abstract
Recently, chicken meat was identiﬁed as a plausible source of extended-spectrum b-lactamase (ESBL) -producing Escherichia coli in humans.
We investigated the relatedness of ESBL-producing Klebsiella spp. in chicken meat and humans. Furthermore, we tested the performance of
SpectraCell RA (River Diagnostics), a new typing method based on Raman spectroscopy, in comparison with multilocus sequence typing
(MLST) for Klebsiella pneumoniae. Twenty-seven phenotypically and genotypically conﬁrmed ESBL-producing Klebsiella spp. isolates were
typed with MLST and SpectraCell RA. The isolates derived from chicken meat, human rectal swabs and clinical blood cultures. In the 22
ESBL-producing K. pneumoniae isolates, CTX-M15 was the predominant genotype, found in ﬁve isolates of human origin and in one chicken
meat isolate. With MLST, 16 different STs were found, including ﬁve new STs. Comparing the results of SpectraCell RA with MLST, we
found a sensitivity of 70.0% and a speciﬁcity of 81.8% for the new SpectraCell RA typing method. Therefore, we conclude that SpectraCell
RA is not a suitable typing method when evaluating relationships of ESBL-producing Klebsiella spp. at the population level. Although no
clustering was found with isolates of chicken meat and human origin containing the same ESBL genes, MLST showed no clustering into
distinctive clones of isolates from chicken meat and human origin. More studies are needed to elucidate the role of chicken meat in the rise
of ESBL-producing Klebsiella spp. in humans.
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Introduction
The worldwide prevalence of extended-spectrum b-lactamase
(ESBL)-producing Enterobacteriaceae is increasing rapidly [1,2].
A recent study identiﬁed chicken meat as a plausible source of
ESBL-producing Enterobacteriaceae in humans [3]. It showed
that most Escherichia coli strains harbouring blaCTX-M1 or
blaTEM-52 from humans and chicken meat belong to multilocus
sequence type (MLST) clusters containing strains from both
sources. This study focused mainly on ESBL-producing E. coli,
whereas ESBL-producing Klebsiella spp. are also important
ESBL-producing Enterobacteriaceae in humans.
To investigate the relatedness of ESBL-producing Klebsiella
spp. in chicken meat and humans, several typing methods are
available. These can be divided into methods to identify ESBL
genes and methods for strain typing. MLST is a well-known
typing method for Klebsiella pneumoniae [4]. It is a sequence-
based typing assay, targeting seven housekeeping genes. Based
on sequence results, each isolate can be assigned to an MLST
type (ST). Isolates with identical MLST types form a cluster.
MLST is widely regarded as an excellent method for typing
with an aim of epidemiological linkage at population level.
Although this method is very reliable, it is also expensive,
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time-consuming and requires a high level of technical skill.
Therefore, it is mainly used in reference laboratories. Spec-
traCell RA (River Diagnostics, Madison, WI, USA), on the
other hand, offers a new strain typing method, based on
Raman spectroscopy. The spectrometer uses a source of light
with a known frequency. When the light falls through bacteria,
the various proteins in the bacteria alter the frequency of the
emitted light. The amount of every protein alters the
frequency in a different way. All alterations are detected and
translated in a spectrum. The relatedness of different isolates is
determined by comparison of the spectra. The SpectraCell RA
method is easy to use, faster than MLST typing, and can be
implemented in all microbiology laboratories.
The objectives of this study were two-fold. The ﬁrst
objective was to investigate the relatedness of ESBL-producing
Klebsiella spp. in chicken meat and in humans. The second
objective was to evaluate the performance of SpectraCell RA
as a typing method for the evaluation of relationships of
ESBL-producing Klebsiella spp. at the population level.
Methods
Strain collection
The ESBL-producing Klebsiella spp. were part of a collection of
ESBL-producing Enterobacteriaceae isolated from both meat
and humans. The origin of the samples, the methods for
detection and conﬁrmation of the presence of ESBL-producing
E. coli in the samples, and typing of the samples were
previously described [3]. Brieﬂy, all samples were collected
between January 2008 and December 2009 and were cultured
using selective media. Presence of ESBL-producing Klebsiella
spp. was both phenotypically and genotypically conﬁrmed. All
ESBL-producing K. pneumoniae isolates were typed using MLST
as described by Diancourt et al. [4].
SpectraCell RA typing
The SpectraCell RA typing procedure was performed accord-
ing to the manufacturer’s instructions, and took 3 days. On
day 1, tryptic soy agar was inoculated and incubated for
18–24 h at 35°C. On day 2, a 1-lL loop was used to suspend a
few grown colonies in 20 lL of sterilized water. Subsequently,
20 lL of the suspension was inoculated on new tryptic soy
agar and spread over an area of 2 by 4 cm. After a 10-min
drying period, the agar was incubated for 20 h at 35°C. On the
last day, a 1-lL loop of bacteria was suspended in 10 lL of
demineralized water. After 3 min of centrifuging at high speed
(10 000 g), 3 lL of supernatant was removed and the solution
was re-suspended. Then, 3 lL of the suspension was inocu-
lated in one well of the SpectraCell RA cartridge. After a
drying period of 15–30 min, the cartridge was placed in the
SpectraCell RA machine. The software produces a plot with all
clusters and unique isolates together. The cut-off value used
for the calculation of the clusters was based on criteria set by
the manufacturer.
Statistical analysis
Several analyses have been performed. First we compared
the results of SpectraCell RA with the results of MLST. We
chose MLST as the reference method and reference standard
because the aim of our study was to identify epidemiological
linkage at a population level; between isolates of human and
chicken origin. If SpectraCell RA was in agreement with the
reference standard, and considered an isolate to be part of a
cluster that was also found using MLST, the result was
scored as true positive. If SpectraCell RA and MLST both
considered an isolate to be unique, then the result was
scored as true negative. If the reference standard considered
an isolate to be part of a cluster and SpectraCell RA did not,
then the result was considered false negative. The result was
considered false positive if SpectraCell RA considered an
isolate as part of a cluster and MLST did not, or SpectraCell
RA clustered isolates of different MLST clusters together
(Table 1). Sensitivity was calculated by dividing the number
of true positives by the sum of true positives and false
negatives. Speciﬁcity was calculated by dividing the number of
true negatives by the sum of true negatives and false
positives.
Second, we evaluated the similarity of ESBL-producing
Klebsiella spp. derived from chicken meat and humans. For
this we used the results of MLST and typing of the ESBL
gene.
MLST
Cluster Unique
Number of
isolates
Number of
isolates
SpectraCell RA Cluster Identical to MLST Number of isolates 7a Not applicable
Different from MLST Number of isolates 1d 1d
Unique Number of isolates 3c 9b
aTrue positive; bTrue negative; cFalse negative; dFalse positive.
TABLE 1. Comparison of results
multilocus sequence typing (MLST)
and SpectraCell RA
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Results
In total, 27 isolates were available for investigation; six
originated from chicken meat, 12 from human rectal swabs
and nine from blood cultures. All chicken meat isolates and
rectal isolates were obtained from different chicken meat
packages and patients. Two blood culture isolates were
obtained from the same patient with an interval of 5 months
in two consecutive periods of bacteraemia. Most isolates were
identiﬁed as K. pneumoniae, but ﬁve isolates were identiﬁed as
Klebsiella oxytoca, three were obtained from human rectal
swabs and two from clinical blood culture. All K. oxytoca
harboured the OXY-2 gene, but none of the K. pneumoniae
did. OXY-2 is a known chromosomal gene in K. oxytoca. A
mutation in the promoter of the OXY-2 gene causes
hyperproduction of b-lactamase, resulting in the ESBL pheno-
type of the isolate [5,6]. Since the K. oxytoca were only found
in human samples, the comparative analysis of Klebsiella spp.
from human and chicken meat origin, was only performed on
the K. pneumoniae isolates.
As shown in Table 2, the most prevalent genotype in the
K. pneumoniae was CTX-M15, which was found in K. pneumo-
niae isolated from both chicken meat and human rectal swabs.
All K. pneumoniae were typed with MLST and SpectraCell RA.
Using MLST, 16 different STs were found, ﬁve of which were
new. Two of the new STs had a new allele string, whereas the
other three contained a new tonB allele, and one also
contained a new GapA allele. The details of these new
ST-types are shown in Table 3. In total, ﬁve clusters were
found, four of which contained only two isolates and one
contained three isolates.
SpectraCell RA typing failed for one K. pneumoniae isolate
despite several attempts. This isolate was therefore excluded
from further analyses. Table 1 shows the results of the 21
K. pneumoniae isolates when comparing the SpectraCell RA
with the MLST results. Three clusters were identical, Spec-
traCell RA missed one cluster and clustered one isolate falsely.
The falsely clustered isolates differed in three of the MLST
alleles. Fig. 1(a) shows the MLST branched tree with the
SpectraCell RA clusters in colours. The calculated sensitivity
was 70% and the speciﬁcity was 81.8%.
MLST showed one cluster that contained isolates of both
human and animal origin. However, these isolates contained
different ESBL genes; the chicken meat isolate contained a
CTX-M1 gene, and the isolate from a blood culture
contained a TEM-12 gene. Fig. 1(b) shows the MLST
branched tree with the origin of the isolates and ESBL
genotype incorporated.
No clustering was found with isolates of chicken meat and
human origin containing the same ESBL genes. However, the
MLST results showed that the isolates from chicken meat and
human origin did not cluster into distinctive clones.
Discussion
We evaluated the relatedness of ESBL-producing K. pneumo-
niae in chicken meat and in humans, and the performance of a
new typing method, SpectraCell RA. This was done on a
collection of 27 Klebsiella spp. originated from chicken meat
and human origin. Using MLST, we found ﬁve new K. pneumo-
niae strain types, containing three new tonB alleles and one
new GapA allele. Comparison of the SpectraCell RA results
TABLE 2. Collection of Klebsiella pneumoniae
Origin of
isolates
Genotype
CTX-M1 CTX-M2
CTX-
M14
CTX-
M15 SHV TEM
Number of isolates
Chicken meat 2 2 0 1 1a 0
Human
rectal swab
2 0 0 5 2b 0
Clinical blood
culture
0 0 3 0 3c 1d
aThe SHV containing K. pneumoniae isolated from chicken meat contained both
SHV-1 and SHV-2.
bOne K. pneumoniae isolated from the human rectal swab contained SHV-27 and of
the other one the SHV-type was not determinable.
cOne K. pneumoniae isolated from clinical blood cultures contained SHV-2 and
SHV-5, one contained SHV-92 and of one the SHV-type was not determinable.
dThe TEM gene of the K. pneumoniae isolated from a clinical blood culture was a
TEM-12 gene.
TABLE 3. New Klebsiella pneumo-
niae multilocus sequence typing
(MLST) types ST Source
Housekeeping genes
GapA Inﬂ B mdh pgi phoE rpoB tonB
549 Human: rectal swab 16 18 21 27 47 22 134a
550 Human: rectal swab 4 1 1 2 12 4 100
551 Chicken meat 3 1 1 1 9 4 135a
552 Chicken meat 56a 1 2 1 10 1 136a
553 Chicken meat 4 1 2 1 16 1 38
aNew alleles.
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with the MLST results revealed a sensitivity of 70.0% and a
speciﬁcity 81.8% of SpectraCell RA. Therefore we consider
SpectraCell RA an inappropriate typing method for the
evaluation of relationships between isolates of ESBL-producing
Klebsiella spp. at the population level.
The performance of SpectraCell RA for the typing of
gram-negative rods has been evaluated only recently [7].
Willemse-Erix et al. conclude that SpectraCell RA has the
required reproducibility and discriminatory power to perform
sub-species typing and to establish relatedness between
individual isolates. Our results are less favourable. This
difference might be due to the origin of the isolates.
Willemse-Erix et al. used a collection of ESBL-producing
K. pneumoniae from an outbreak and a non-outbreak situation
in one hospital. These isolates were chosen based upon their
known similarity or their known diversity in PFGE type.
Therefore, we cannot exclude that SpectraCell RA functions
appropriately to detect local outbreaks.
The blaCTX-M1 and blaCTX-15 genotypes were found in
isolates of both chicken meat and human origin. One MLST
cluster contained an isolate from human and chicken meat
origin, but the ESBL genotype differed between these two
isolates. Yet, evaluation of the MLST branched tree showed
that the isolates from chicken meat and humans did not form
two distinctive clones related to the origin of the strains.
Therefore, an association between ESBL-producing Klebsiella
spp. from chicken meat and humans cannot be excluded.
The main limitation of our study is the low number of
isolates included. This could result in an overestimation or
underestimation of the performance of the SpectraCell RA
method. We did not detect direct relatedness between
K. pneumoniae isolates derived from chicken meat and humans,
but possibly a larger collection could reveal such a relationship.
In conclusion, we could not detect a direct relation between
ESBL-positive Klebsiella spp. isolates from chicken meat and
those from humans, although the same ESBL genes were found
in some strains of different origin, and the isolates from
chicken meat and humans did not form two distinctive clones
related to the origin of the strains. As spread of resistance in
Enterobacteriaceae can travel through spread of bacteria or
spread of resistance genes, an epidemiological association of
ESBL-positive Klebsiella spp. from chicken meat and humans
cannot be excluded. Furthermore, we conclude that Spectra-
Cell RA is not an appropriate typing method for epidemiolog-
ical surveys.
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FIG. 1. Multilocus sequence typing (MLST) branched tree. (a) MLST Branched tree with SpectraCellRA clusters in colours. (b) MLST branched
tree with origin of isolates and genotype incorporated; chicken meat isolates are coloured red; isolates from human rectal swabs are coloured green;
isolates from clinical blood cultures are coloured blue.
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